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==========================

Degenerative flat back (DFB) is frequent in Asian countries, which suggests that typical life style or working posture is associated with occurrence of DFB. They stand up or sit on the floor with waist flexion and frequently work at home or farm with stooped posture, which contributes to decreased lumbar lordosis (LL) and weakness of paraspinal extensor muscles (PSEs). Decreased LL causes anterior displacement of the center of gravity, which leads to spinopelvic angular changes and causes various disabilities in daily life including gait difficulty.[@ref1][@ref2] Although the exact pathophysiology of DFB has not yet been confirmed, extensive degeneration, and weakness of lumbar extensor muscles are thought to be the most important cause.[@ref3][@ref4]

The quantitative evaluations of lumbar extensor muscle have been developed using magnetic resonance image (MRI).[@ref4][@ref5][@ref6] The typical signs of muscle degeneration detected on MRI are muscle cross-sectional area (CSA) and fatty replacement of muscle, expressed as increased signal intensity (SI).[@ref6][@ref7] Previous study using MRI histogram reported that DFB patients showed higher mean SI of back extensor muscles suggesting fat infiltration compared to normal control.[@ref5]

Although radiographic examination can show characteristic sagittal deviation of spinopelvic alignment,[@ref8] it has the limitation only to reveal the static posture, and not to identify dynamic status such as ambulation. However, daily activities or functional aspects of patients are more related to dynamic status of spinopelvic segment than static posture. Treatment outcomes or patient satisfaction can be influenced more by dynamical parameters than by static parameters. Thus, it is assumed that assessment of dynamic parameters of DFB by three-dimensional motion analysis can provide clinically useful data about patients' functional status and treatment outcomes.[@ref9][@ref10][@ref11][@ref12] It can provide specific characteristics of spinopelvic and lower limb joints motion in patients with DFB and also reveal which improvement occurred following surgery in quantitative and objective way.

The purposes of this study were (1) to evaluate correlation between preoperative lumbar extensor muscle condition and angular severity of DFB and (2) to evaluate correlation between preoperative lumbar extensor muscle condition and degree of improvement of DFB obtained by corrective fusion surgery, in terms of static parameters by simple radiography and dynamic parameters by three-dimensional motion analysis.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

45 patients who underwent corrective fusion surgery for DFB between 2010 and 2012, (4 men and 41 women, mean age 69.9 ± 6.01 years) were included in this retrospective study. Lumbar MRI, whole spine X-ray, and three dimensional motion analysis were done before and 6 months after surgery in all the patients. The patients showed characteristic clinical features, including stooped posture while walking, inability to lift heavy objects, difficulty in climbing, and the need to use a support (such as an elbow) when standing in the kitchen. The patients who had history of previous lumbar surgery and prominent lower extremity pain or weakness affecting gait function were excluded from the study. The study was approved by the Institutional Review Board of our hospital. Fusion levels were as follows; T10-S1 in two patients, T11-S1 in four, L1-S1 in seven, L2--L5 in one, L2-S1 in 22, L2-S2 in two, and L3-S1 in seven.

Radiological evaluation (static parameters) {#sec2-1}
-------------------------------------------

As for spinal sagittal parameters, thoracic kyphosis (TK), thoracolumbar junction (TLJ), and LL were measured in whole spine lateral view. The TK was measured from the T5 superior end plate to T12 inferior end plate. The TLJ was measured from the T10 superior end plate to L2 inferior end plate. The LL was measured from the T12 inferior end plate to S1 superior end plate by the Cobb method \[[Figure 1](#F1){ref-type="fig"}\]. As for the pelvic parameters, pelvic incidence (PI), sacral slope (SS), and pelvic tilt (PT) were measured. The SS was the angle between the S1 superior end plate and a horizontal line. The PT was defined as the angle between a vertical line originating at the center of the bicoxofemoral axis and a line drawn between the same point and the middle of the superior end plate of S1. The PI was defined as the angle between the line perpendicular to the sacral plate and the line connecting the midpoint of the sacral plate to the bicoxofemoral axis \[[Figure 2](#F2){ref-type="fig"}\].[@ref8][@ref13]

![X-ray thoracolumbosacral spine lateral view showing spinal parameters such as thoracic kyphosis, thoracolumbar junction, and lumbar lordosis. (A) The thoracic kyphosis was measured from the T5 superior end plate to T12 inferior end plate. (B) The thoracolumbar junction was measured from the T10 superior end plate to L2 inferior end plate. (C) The lumbar lordosis was measured from the T12 inferior end plate to S1 superior end plate by the Cobb method](IJOrtho-51-147-g001){#F1}

![X-ray lumbosacral spine lateral view showing pelvic parameters including pelvic tilt, pelvic incidence, and sacral slope. (A) The pelvic tilt is defined as the angle between a vertical line originating at the center of the bicoxofemoral axis and a line drawn between the same point and the middle of the superior end plate of S1. (B) The pelvic incidence is defined as the angle between the line perpendicular to the sacral plate and the line connecting the midpoint of the sacral plate to the bicoxofemoral axis. (C) The sacral slope is the angle between the S1 superior end plate and a horizontal line](IJOrtho-51-147-g002){#F2}

Lumbar paraspinal extensor muscle measurement on magnetic resonance image {#sec2-2}
-------------------------------------------------------------------------

The conditions of lumbar PSEs were analyzed at the L1--L2, L2--L3, L3--L4, and L4--L5 levels. The L5-S1 level was not included because the axial cutting gantry was obstructed by iliac crest and the muscular anatomy was quite different from the upper levels. The images were displayed and analyzed using PiView (Infinitt, Seoul, Korea) digital image viewing software. The regions of interest (ROI) were outlined with a graphic cursor around the lumbar PSE including multifidi and erector spinae and on the intervertebral disc at each level.[@ref14]

The degree of muscle atrophy was determined by measuring the CSA of the PSE compartment. In order to decrease the bias caused by differences in individual body size, the area of the PSE compartment was divided by intervertebral disc area of the same level (the ratio between the CSA of the PSE and the CSA of the intervertebral disc \[PSE/disc CSA\]) to represent the relative muscle compartment volume in each individual. The SI of the muscle within the ROI was additionally measured using a histogram, and the mean value of the SI in the patient\'s group was obtained \[[Figure 3](#F3){ref-type="fig"}\].

![Mean value of the signal intensity was measured within paraspinal extensor muscle, using histogram of magnetic resonance image](IJOrtho-51-147-g003){#F3}

Three-dimensional gait analysis (dynamic parameters) {#sec2-3}
----------------------------------------------------

Gait analysis was conducted using three-dimensional motion analyzer (Motion Analysis^®^; Motion Analysis Company, Santa Rosa, CA, USA). The instrument was calibrated prior to performing gait analysis on each subject. Markers of diameter 2.5 cm were attached bilaterally to the bony landmarks of the pelvis and lower extremities, including the L5-S1 intervertebral space, anterior superior iliac spine, anterior side of the midthigh, midpoint of the lateral knee, anterior side of the mid-tibia, lateral malleolus of the fibula, dorsal side between the second and third metatarsal heads, and the calcaneal area on the same line as the metatarsal marker to assessing lower limb kinematics during ambulation. In addition, markers were attached to bony landmarks of the C7, T6, T12, L2, and L5 spinous processes for assessing kinematics of thoracic and lumbar vertebrae segments during ambulation \[[Figure 4](#F4){ref-type="fig"}\]. The participants went through a 10 m walkway for dynamic test at a range of self-selected. The infrared camera determined the location of each marker during ambulation. The data were sent to SIMM (Software for Interactive Musculoskeletal Modeling) program®(Motionanalysis company, Santa Rosa, CA, USA) program and joint motions were calculated and analyzed. Maximal and minimal angle of posterior PT, hip, knee and ankle joints flexion angles in sagittal plane was measured during ambulation. In addition, maximal and minimal sagittal angle of thoracic vertebrae and lumbar vertebrae segment was obtained. Positive values of spinal columns and lower limbs meant kyphotic angle and flexion (ankle joint dorsiflexion).

![Clinical photographs (a and b) showing location of markers during three-dimensional motion analysis](IJOrtho-51-147-g004){#F4}

All of these measurements were performed by single physician (JHL) who was expert in spine radiology and three-dimensional motion analysis.

Statistical analysis {#sec2-4}
--------------------

Statistical analysis was performed using SPSS 12.0K (SPSS Inc., Chicago, IL, USA). A *P* \< 0.05 was considered statistically significant. The correlation between preoperative PSE measurements and static/dynamic parameters and the correlation between preoperative PSE measurements and degree of improvement of static/dynamic parameters obtained by corrective fusion surgery were determined using the Pearson correlation coefficient.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Correlation between paraspinal extensor muscle measurements and static parameters before surgery {#sec2-5}
------------------------------------------------------------------------------------------------

TLJ was correlated significantly with L1--L2 PSE/disc CSA and L1--L2 SI. TK was correlated with L1--L2 SI, L3--L4 PSE/disc CSA, and L4--L5 SI \[[Table 1](#T1){ref-type="table"}\].

###### 

Correlation between paraspinal extensor muscle measurement and static parameters

![](IJOrtho-51-147-g005)

Correlation between paraspinal extensor muscle measurements and dynamic parameters before surgery {#sec2-6}
-------------------------------------------------------------------------------------------------

Maximal thoracic angle was correlated with L1--L2 PSE/disc CSA, L1--L2 SI, and L2--L3 PSE/disc CSA. Maximal lumbar angle was correlated with L3--L4 PSE/disc CSA and L4--L5 PSE/disc CSA. Minimal thoracic angle was correlated with L1--L2 PSE/disc CSA. Minimal lumbar angle was correlated with L2--L3 SI, L3--L4 PSE/disc CSA, and L3--L4 SI, and L4--L5 PSE/disc CSA \[[Table 2](#T2){ref-type="table"}\].

###### 

Correlation between paraspinal extensor muscle measurement and dynamic parameters

![](IJOrtho-51-147-g006)

Maximal right hip and knee flexion angle were correlated with L4--L5 PSE/disc CSA. Minimal posterior PT angle was correlated with L2--L3 SI. Minimal right hip flexion angle was correlated with L3--L4 PSE/disc CSA and L4--L5 PSE/disc CSA. Minimal left ankle dorsiflexion angle was correlated with L1--L2, L2--L3, L3--L4, and L4--L5 SI.

Correlation between paraspinal extensor muscle measurement and improvement of static parameters obtained by surgery {#sec2-7}
-------------------------------------------------------------------------------------------------------------------

The change (Δ) of TK was significantly correlated with L1--L2 and L2--L3 PSE/disc CSA \[[Table 3](#T3){ref-type="table"}\].

###### 

Correlation between preoperative paraspinal extensor muscle measurement and improvement of static parameters obtained by surgery

![](IJOrtho-51-147-g007)

Correlation between paraspinal extensor muscle measurement and improvement of dynamic parameters obtained surgery {#sec2-8}
-----------------------------------------------------------------------------------------------------------------

The Δ maximal thoracic angle showed significant correlation with L1--L2 and L2--L3 PSE/disc CSA. The Δ maximal lumbar angle showed significant correlation with L1--L2, L2--L3, L3--L4, and L4--L5 PSE/disc CSA. The Δ minimal thoracic angle showed significant correlation with L1--L2 and L2--L3 PSE/disc CSA. The Δ minimal lumbar angle showed significant correlation with L1--L2, L2--L3, L3--L4, and L4--L5 PSE/disc CSA \[[Table 4](#T4){ref-type="table"}\].

###### 

Correlation between preoperative paraspinal extensor measurement and improvement of dynamic parameters obtained surgery

![](IJOrtho-51-147-g008)

The Δ maximal pelvic posterior tilt was also correlated with L4--L5 PSE/disc CSA. The Δ maximal right and left hip flexion angle was correlated with L2--L3, L3--L4, and L4--L5 PSE/disc CSA. The Δ minimal posterior PT was correlated with L2--L3 SI. The Δ minimal right ankle flexion angle was correlated with L1--L2 PSE/disc CSA.

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The degeneration and weakness of PSE were thought to be important causes of DFB because the PSE played a role in maintaining spinal curvatures and their degeneration or atrophy resulted in a progressive kyphosis and sagittal imbalance.[@ref1][@ref3][@ref5] Degeneration of PSE was significantly associated with facet arthropathy, which additionally contributed to progression of lumbar kyphosis.[@ref15] Facet arthropathy could elicit a reflex mechanism that inhibited muscle activity and further caused muscle atrophy.[@ref16] As well, kyphotic deformity, in turn, aggravated degeneration and weakness of PSE in more severe degree. Over lengthening of PSE caused by increased lumbar kyphotic angle lost the lever arm effects enough for appropriate contraction, which further aggravated muscle degeneration and atrophy.[@ref17] Low back pain caused by DFB could contribute to limited back movement and consequently, muscle atrophy. Vascular compression between the convexed lumbar spine and the superficial fascia promoted atrophy of PSE by disturbing vascular supply.[@ref4] In spite of debates about causal relationship, extensor muscle degeneration and development of DFB were closely related with each other.

Histographic analysis using MRI has been reported to be an effective method to assess the degree of muscle degeneration. High SI in histography means severe degree of replacement of muscle by fat tissues, and this also suggests muscle degeneration or weakness as small CSA did.[@ref5][@ref7] Several literatures demonstrated that the patients with DFB had significantly smaller CSA and higher SI of the PSE compared with normal control or patients suffering from chronic low back pain without DFB.[@ref3][@ref4][@ref5]

Current study demonstrated that PSE degeneration, expressed by reduced CSA and higher SI, was related to more kyphotic lumbar segment and more flat/lordotic thoracic segment as well as was also associated with less improvement after corrective surgery. In static parameters, as PSE condition was more severe, thoracic angle was more lordotic. It meant that more severe PSE condition lead to more severe lumbar kyphosis (less LL), consequently resulted in flat/lordotic thoracic angle. After surgery, as upper PSE condition was more severe preoperatively, less improvement of TK was accomplished by corrective surgery.

In dynamic parameters, decreased thoracic kyphotic angle showed correlation with severity of upper PSE condition, whereas increased lumbar kyphotic angle had correlation with severity of middle to lower PSE condition. Similar results were found in terms of improvement after surgery. While improvement of TK after surgery was associated with upper PSE condition, improvement of LL was related to more extensive PSE condition, from L1--L2 to L4--L5 levels. Dynamic parameters showed more prominent correlation with preoperative PSE conditions than static parameters and also identify segmental specificity in the relationship between PSE condition and angular deformity. While upper PSE condition was related to angular change of thoracic segment, middle to lower PSE condition was related to angular change of lumbar segment.

This study showed that PSE conditions had more remarkable relationship with dynamic parameters than static parameters. Considering muscle activity influenced functional aspect, it was expected that PSE condition was more closely associated with dynamic parameters, which were relevant to functionality in daily activities. It has been reported that PSE condition was more relevant to patients with lower muscle strength, poorer functionality, or more severe pain. Among the patients with low back pain, those with smaller CSA of PSE revealed lower muscle strength.[@ref18] The patients with better functional performance among those diagnosed as lumbar stenosis exhibited a significantly larger CSA and a lower fat infiltration in PSE.[@ref15] In lumbar discectomy patients, patients with persistent pain showed significantly smaller CSA of multifidus and erector spinae than those with pain-free patients.[@ref19] Because functional impairments regarding daily activity were critical problems to patients' quality of life or satisfaction with treatment, assessment of dynamic parameters was more important. Three-dimensional motion analysis fulfilled more objective and quantitative evaluation of functional aspects than that of clinical assessments.

In lower limb dynamic parameters, even if no typical correlation was found, posterior PT angle, hip and knee flexion angle or ankle dorsiflexion angle was increased as PSE atrophy and fat infiltration was more severe. The less improvement of hip flexion angle was acquired after surgery, as PSE atrophy was more severe. It has been reported that DFB also leads to change of lower limb kinematics in addition to spinopelvic kinematics such as increased knee flexion and ankle extension (dorsiflexion).[@ref20] The change of low limb kinematics was assumed to be compensatory mechanism to prevent excessive anterior translation of body center related to stooped posture in DFB, including increased hip and knee flexion, ankle dorsiflexion, which further led to posterior PT.[@ref2][@ref20][@ref21] The poorer PSE conditions led to more severe lumbar kyphosis, which, further, caused the more prominent compensatory mechanism of lower limbs.

All of these surgeries were conducted by posterior approach, which could affect PSE conditions. However, it was assumed that because all of surgeries were conducted by posterior approach, all patients were in same conditions. Although all subjects underwent the corrective surgery by posterior approach, we could obtain the results that more severe preoperative PSE resulted in less improvement after corrective surgery and segmental specificity was found between PSE condition and angular deformity. In addition, fusion levels were variable and more wide excisions could produce more severe muscles atrophy. But most of patients underwent corrective surgery within lumbosacral area and even the corrective surgeries including thoracic area were conducted at lower levels of thoracic spine. The number of subjects undergoing surgeries of thoracic segments was relatively small, so that we could not stratify the results according to surgery level. However, we obtained the segmental specificity that thoracic angle showed correlation with preoperative upper PSE conditions, whereas lumbar angle had correlation with preoperative middle to lower PSE conditions, which was mainly found in dynamic parameters, not in static parameters. This suggested that surgical outcomes were influenced by preoperative PSE conditions rather than surgical level.

This study has several limitations. First, this study was retrospective study, so we recruited only the patients who conducted three-dimensional gait analysis before and 6 months after corrective surgeries. Second, we conducted motion analysis only in terms of ambulation. The tests about other daily activities regarding sit-to-stand movement, trunk flexion, or picking up object could provide more useful information related to patients' functional aspects. Third, motion analysis was done only in 6 months after surgery. Followup study such as 1 or 2 years could assess the change of patients' functional status in terms of long term surgical outcomes.

C[ONCLUSIONS]{.smallcaps} {#sec1-5}
=========================

The severe atrophy or fat infiltration of PSE was related to severe angular deformity in patients with DFB and to less improvement after corrective surgery in terms of static as well as dynamic parameters. Dynamic parameters were more prominently correlated with PSE conditions than static parameters and showed segmental specificity such that upper PSE condition was more correlated with thoracic curve and middle to lower PSE condition was more correlated with lumbar curve.
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